Abstract: Previous research suggests the association of glutathione S-transferase (GST) gene polymorphisms or diet, but no interactions between these factors in atopic dermatitis (AD). We conducted a community-based case-control study including 194 AD and 244 matched non-AD preschoolers. Glutathione S-transferase M1 (GSTM1) and T1 (GSTT1) present/null genotypes were evaluated uisng a multiplex PCR method. We measured dietary intakes by a validated food frequency questionnaire and constructed three dietary patterns such as "traditional healthy", "animal foods", and "sweets" diets. In stratified analyses by GST genotypes, the "traditional healthy" diet and reduced AD showed association only in the GSTM1-present group (odd ratio (OR) 0.31, 95% confidence interval (CI) 0.13-0.75). A similar pattern of the association existed in the combined GSTM1/T1 genotype that indicated the inverse association between the "traditional healthy" diet and AD in the double GSTM1/T1-present genotype group (OR 0.24, 95% CI 0.06-0.93).
Introduction
Atopic dermatitis (AD) is a chronic and relapsing inflammatory skin disease. It is one of the most common allergic diseases in children, affecting up to 25% worldwide [1] . Comparable or even greater prevalence of AD (25%-34%) has been reported in a large scale study of Korean children [2] . The majority of AD starts in early childhood, and 70% of children with AD show clinical symptoms before the age of five years [3, 4] . As AD is a major health concern that severely compromises quality of life in children, understanding the factors associated with the development of AD and its prevention are critical.
Multiple genetic and environmental factors are thought to contribute to the risk and development of AD. AD is usually associated with a family history of atopic disorders, such as asthma, rhinitis, and AD itself, and twin studies have shown that the genetic contribution is substantial [5] . However, a steady increase in the prevalence of AD over recent decades indicates that environmental factors also play important roles in AD pathogenesis. Although the molecular mechanisms underlying AD are not fully understood, impaired homeostasis of oxygen/nitrogen radicals as well as increased oxidative stress have been suggested to be involved in the pathophysiology of childhood AD [6, 7] . In skin inflammation associated with AD, reactive oxygen species are released during the activation and infiltration of lymphocytes, monocytes, and eosinophils [8, 9] .
Diet has been suggested as a predictor of health such as allergic diseases and mental health in childhood [10] [11] [12] [13] [14] [15] [16] , although the actual association is not clear. Previously, we have demonstrated that a higher intake of dietary antioxidant vitamins, including β-carotene and vitamin E, is associated with a reduced risk of AD among preschool-age children in Korea and suggested a possible role of oxidative stress in this association [10] . Dietary pattern providing an overall view of intake draws attention because it could minimize chance inter-correlations among many nutrients in the diet. "Processed" or "Western" diets , high in fat and sugar content, or "healthy" or "prudent" diets, containing micronutrient-rich foods, have been reported regarding child mental health, although the associations are not clear [13] [14] [15] [16] .
Genetic variations in glutathione S-transferase (GST) that alter enzymatic activity can have a significant impact on susceptibility to diseases whose pathogenesis involves oxidative stress, as is the case in many inflammatory diseases such as atopic dematitis (AD) [17] [18] [19] [20] . Several genetic polymorphisms have been identified in GST isoforms. A limited number of studies [21, 22] , including one of our own [23] , have examined the association of GST gene polymorphisms with AD, yet the findings are inconsistent.
Considering that both genetic and environmental factors are important contributors to AD development, we hypothesize that interactions between genetic determinants of antioxidant capacity and diet may play a role in AD. Therefore, in the present study, we examined the association between dietary patterns and AD in relation to glutathione S-transferase M1 (GSTM1) and T1 (GSTT1)-present/null polymorphisms.
Methods

Participants and Study Design
As shown in Figure 1 , at the beginning, our participants were from a population based and matched case-control study including 781 subjects who were selected by screening eligibility from 2638 preschoolers residing in middle-income areas in large cities in Korea such as Seoul and Incheon between May and July 2006 [10, 23] . We assessed the child's AD by the Korean version of ISAAC (The International Study of Asthma and Allergies in Childhood) [10, 23] . Case subjects were children who had experienced AD symptoms in the form of AD diagnosis or treatment (n = 351), and controls were matched by the same preschools (n = 430), considering both age and gender. Of those 781 participants, we excluded 343 children who had no dietary intake variables (n = 179; 82 AD, 97 non-AD), energy intake less than 500 kcal or greater than 4,500 kcal (n = 15; 7 AD, 8 non-AD), modified diet by AD (n = 36; 26 AD, 10 non-AD) or other diseases (n = 8; 7 AD, 1 non-AD), or no genetic information (n = 105; 35 AD, 70 non-AD). A total of 438 (194 AD, 244 non-AD) children were included in our data analyses ( Figure 1 ). Due to the exclusion of a large number of children, we did comparison analysis including the child's age (5.3 vs. 5.2 years), BMI (15.4 vs. 15.5) and gender (48.3% vs. 50.3% for girls), as well as household monthly income (38.4% vs. 33.8% for greater than 4 million Korean Won, close to 4000 US $). There was no significant group difference in these variables (Supplementary Table S1 ).
Data on dietary intake, AD, and other related information were collected by questionnaires. Blood samples were taken for the analyses of genetic information and total IgE concentration between September 2006 and January 2007. 
Dietary Assessment
We assessed dietary intake through a validated semi-quantitative food frequency questionnaire (FFQ) used in other studies [10, 24] . Reproducibility (r = 0.5-0.8) and validity (r = 0.3-0.6) of this instrument were both acceptable [10, 24] . The FFQ contains 86 food items with nine non-overlapping frequency response categories as well as three portion size options (low 0.5, medium 1, high 1.5). Using CAN PRO II (Computer-Aided Nutritional Analysis Program II), developed by the Korean Nutrition Society, the amount of each food item in the FFQ was converted into grams, after which daily intakes of nutrients were calculated.
To develop dietary patterns for this study group, we used 84 food items, excluding two rarely eaten foods (organ meat and fermented salty fish). From the 84 food items, our analysis consisted of 33 food/food groups based on nutrient profiles of each food item (Table 1) . 
Genotyping
Genotypes for GSTM1 and GSTT1 present/null polymorphisms were assessed as described by Chung et al. [23] . Genomic DNA was extracted from buffy coats using an AxyPrep™ Blood Genomic DNA miniprep kit (Axygen Biosciences, Union City, CA, USA), after which multiplex PCR analyses were performed. Briefly, GSTM1, GSTT1, and β-globin genes were simultaneously amplified by PCR along with mixed primers for each gene. PCR conditions were as follows: initial denaturation at 94˝C for 3 min, followed by 27 cycles of 94˝C for 30 s, 62˝C for 30 s, and 72˝C for 45 s, and a final extension step of 10 min at 72˝C. After amplification, PCR products were analyzed on a 2% agarose gel and stained with ethidium bromide. The presence or absence of GSTT1 (480 bp) and GSTM1 (215 bp) genes was determined in the presence of the control β-globin gene (268 bp).
Other Factors
Using a questionnaire, we measured household monthly income, parental education level, and child's age as continuous variables, and parental allergic history including AD, asthma, or rhinitis, and child's gender, nutrient supplement intake, and current exposure to smoking at home as categorical variables. Height and weight of children were measured by following recommended standard procedures [25] . Body mass index (BMI) was calculated by using height and weight measures. Serum total IgE concentrations were determined by EIA (AutoCAP system, Pharmacia, Uppsala, Sweden).
Statistical Analysis
Based on the 33 food/food groups (Table 1) with daily intake frequency values per 1000 kcal, we performed factor analysis to develop dietary patterns with varimax rotation [26] . Three dietary patterns were selected in accordance with the eigenvalue (>1.5), scree plots, and interpretability of factors. We calculated factor loadings for each food/food group across the three dietary factors, and a factor score for each subject obtained for the 33 food/food groups, in which intakes of food groups were weighted by their factor loadings and summed.
We named dietary patterns based on food/food groups with the most positive factor loadings. The "traditional healthy" pattern was identified by considering relatively higher intakes of vegetables, fruits, seaweeds, beans, anchovies, potatoes, fresh fish, kimchi, and cheese, as well as lower intake of ramyeon. The "animal foods" pattern was characterized by higher intakes of beef, pork, poultry, fish, and fast foods, in addition to noodles and rice cake. The "sweets" included higher intakes of fruit juice, sweet drinks, chocolate, snacks, and ice cream, but lower intake of rice (Table 2) . Each dietary pattern was divided into high (Q4) and low (Q1-Q3) groups according to the quartiles of dietary pattern scores. In addition to initial crude models, multivariate logistic regression models were used to estimate the effects of dietary patterns and GST genotypes on AD. As potential residual confounders, parental allergic history, maternal education level, household income, and child's age, gender, BMI, total energy and nutrient supplement intakes, and secondary smoking exposure had been considered. Among these variables, household income, maternal education level, and child's secondary smoking exposure were excluded in the analytic model because these variables did not show any significant difference between AD and non-AD groups.
To investigate the association between dietary patterns and AD with respect to GST genotypes, stratified analyses were performed after dividing the subjects into two groups for the GSTM1 and GSTT1 (null and present), and three groups for the GSTM1/T1 (double null, either present, or double present). The stratified analysis by GST genotype was conducted adjusted for the confounders in the corresponding model. Multiplicative interactions were performed using the corresponding models that included the interaction term to examine the modifying effect of GST genotypes on the association between dietary patterns and AD. Results were reported as odds ratios (OR) and 95% confident intervals (CI). Significance was set at p < 0.05. Statistical analyses were conducted with SAS version 9.3 (SAS Institute Inc., Cary, NC, USA).
Ethics Statement
This study was conducted in accordance with the guidelines detailed in the Declaration of Helsinki, and all procedures involving human subjects were approved by the Institutional Review Board of the College of Human Ecology at Kyung Hee University [10, 23] . Written informed consent was obtained from all parents of participating children.
Results
When we compared the high (Q4) and low (Q1-Q3) groups of dietary patterns, the "traditional healthy" diet was associated with higher intakes of protein, unsaturated fat, and micronutrients (Table 3 ). In particular, higher intakes of β-carotene and vitamin C (2.1 and 1.5-fold difference between the high and low groups, respectively) were substantial. The "animal foods" dietary pattern showed higher intakes of macronutrients except for plant protein and saturated fatty acids (SFA), but had no associations with micronutrients excluding vitamin E. The "sweets" diet was relevant to higher intakes of energy, plant fat, SFA, retinol, and vitamin C, as well as a lower intake of plant protein.
When we compared nutrient intakes by AD, AD showed an association with lower intakes of vitamin E, folate, and possibly β-carotene (Table 4) . General characteristics were similar between AD and non-AD children except for child's total IgE concentration and allergic history of parents (Table 4 ). In the AD group, the majority of children (80.4%) showed experience of physician's diagnosis of AD, followed by AD symptoms (45.8%-49.5%) and AD treatment (22.6%).
The proportions of children with the null genotype in GSTM1 and GSTT1 were close to 60% and 50%, respectively (Table 5 ). When the GSTM1 and GSTT1 genotypes were combined, about 30% of children carried the null genotype for both genes. There were no associations of AD with GST genotypes and dietary patterns in univariate analyses.
In stratified analyses by GST genotypes (Table 6 ), the "traditional healthy" diet and reduced AD showed association only in the GSTM1-present group (OR 0.31, 95% CI 0.13-0.75). A similar pattern of the association existed in the combined GSTM1/T1 genotype, which indicated an inverse association between the "traditional healthy" diet and AD in the double GSTM1/T1-present genotype group (OR 0.24, 95% CI 0.06-0.93). There was a stronger association between the "traditional healthy" diet and AD (7%) in the GSTM1/T1 double present group (OR 0.24) than the case of GSTM1-present (OR 0.31) group. Results from the multiplicative test analyses showed that the "traditional healthy" diet on reduced AD was significant or borderline significant in the GSTM1-present group (OR 0.71, 95% CI 0.54-0.92 vs. GSTM1-null group) or the GSTM1/T1 double present group (OR 0.63, 95% CI 0.39-1.03 vs. GSTM1/T1 double null group). These associations did not exist in the "animal foods" and "sweets" dietary patterns. * Model included the main and interaction effects of the GSTM1 and/or GSTT1 genotype (present vs. null) and dietary pattern (high vs. low) with adjustment for child's age, sex, total energy intake, multivitamin use and BMI, and parental history of allergic diseases; : P for the stratified association between dietary patterns and AD by GST-null and present groups in the corresponding models; ; P for the multplicative association between AD and dietary pattern (high vs. low) in the GST present group compared to this association in the GST null group as reference (OR 1) in the corresponding models. N null; p present.
Discussion
Our findings suggest the association between the "traditional healthy" diet and reduced AD in children with the GSTM1-present genotype, and that children with GSTT1-present genotype may be more susceptible to this association. Such associations may not be relevant to an inactive GST allele such as the GST-null genotype.
Despite a lack of clear explanation, the absence of an association of the GSTM1-or GSTT1-null genotype with dietary components may suggest that certain polyphenols and carotenoids induce the expression of GST genes and increase the activities of GST enzymes [27] [28] [29] . Thus, the lack of an active GST allele would inhibit the response to dietary components that affect the expression of GST genes. Similar to our findings, a recent human intervention study [30] reported that a high-fruit juice and vegetable diet significantly increased erythrocyte GST activities and antioxidant capacity-related biomarker levels in blood from GSTM1-and GSTT1-present participants, whereas blood from GSTM1-and GSTT1-null participants was unaffected. Even though the interactions of GST genotypes and diet in relation to AD have not been studied yet, previous reports [31, 32] that examined these interactions in other diseases support our findings. Specifically, a significant inverse association between intake of carotenoid-rich or cruciferous vegetables and cancer risk was detected in carriers of the GSTM1-or GSTT1-present genotype but not in those participants with the GSTM1-or GSTT1-null genotype. These results, as well as our findings, suggest that carriers of the GSTM1-or GSTT1-present genotype may be more responsive to dietary changes and could benefit more from healthy dietary patterns.
There have been conflicting reports on the association of GST present/null genotypes with AD [21, 22, 33] . Consistent with our results, the GSTM1-present genotype has been reported to be relevant to AD only in the presence of specific environmental stimuli (prenatal smoke exposure) [34] . Detection of these gene-diet interactions suggests that it is important to determine the effects of gene polymorphisms as well as appropriate dietary information in order to account for the heterogeneity of previous findings. Further, unlike genetic determinants, diet can be modified by lifestyle intervention. Therefore, understanding the interactions between genetic and dietary factors is valuable in establishing dietary guidelines to reduce disease risk.
Several studies [10, [35] [36] [37] [38] have shown the association between nutrient/food intakes and AD, but little is known regarding specific dietary patterns relevant to AD in relation to GST genes. Dietary pattern analysis considers the effects of the whole diet, including interactions and synergistic effects among nutrients and foods [39] . As nutrients and foods are not consumed in isolation, dietary patterns more accurately reflect eating habits than nutrient intake levels. The "traditional healthy" pattern that showed a positive impact on reduced AD in this study is somewhat similar to the "Mediterranean diet", which mainly involves higher intakes of micronutrients [40] . Adherence to a "Mediterranean diet" during pregnancy has been demonstrated as a protective factor against atopy until an age of 6.5 years (OR 0.55, 95% CI 0.31-0.97) [41] . On the other hand, no association between the "Mediterranean diet" and AD has been reported in 6 to 7-year-old school children in Spain [42] . This discrepancy may be explained in part by a function of effect modifiers, like GST genes that we found in this study.
The limitations of this study are as follows. We assessed AD based on subjective measures without considering objective indices, although the ISAAC questionnaire used in this study is an internationally standardized protocol and has been widely used to determine the prevalence of allergic diseases in Korea [2, 10, 43] . Another limitation would be small sample size to identify a diet-gene interaction against AD. We determined sample size at the beginning of this study based on antioxidant nutrients and AD, but with little consideration of genetic characteristics. Possibly meaningful, but unmeasured or unexamined variables such as heavy metals [44] and other genes may also limit our findings [45, 46] .
Regardless of these limitations, this study of gene-diet interaction in AD is meaningful because it is the first study to suggest the importance of genetic susceptibility that could play a crucial role in the "traditional healthy" diet on a child's AD. A large scale prospective study is needed to confirm these findings.
Conclusions
We conclude that healhty diet may reduce AD only in children with the GSTM1-present genotype. These findings suggest genetic susceptibility to the association between diet on AD.
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